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DEVELOPMENT OF THE VERTEBRAL COLUl\11::-:l* 
PAUL T. LLOYD 
~--ltte11di11g Radiologist to the Osteopathic Hospital of Philadelphia 
The purpose of this paper is to call attention to the fact that the 
vertebrae are commonly affected by developmental alterations which in 
themselves may, according to their features and characteristics, affect 
vertebral physiology, body posture, and the general health of the individual. 
Vertebral abnormalities also assume considerable importance to the 
research worker, to the physician employing manipulative therapy, to the 
radiologist, and also to the professional witness called upon to testify in 
matters of a medicolegal nature. To appreciate the departures from the 
so-called anatomic normal aids materially in illuminating errors in diag-
nosis, makes for more intelligent application of treatment, and opens up 
new fields of investigative study. 
Brief reference will be made here to the embryologic characteristics of 
the spine and its intra-uterine development. 
The vertebral column is normally composed of seven cervical, twelve 
thoracic, five lumbar, and five fused sacral vertebrae, together with rudi-
mentary coccygeal segments. 
Embryologically the vertebrae are of mesodermic origin and repre-
sentatiYe of the cartilaginous type of osseous development. At about the 
end of the first month early recognition of vertebral development becomes 
possible. At this time changes in the mesenchymal sheath surrounding 
the notochord bring into evidence segmentally arranged masses formed by 
the ' clerotomes of the mesodermic somites. These masses constitute the 
primary vertebral divisions, and from them prolongations and outgrowths 
develop forming the neural arches and lateral masses including the costal 
processes. 
The vertebrae are ossified from three primary centers; one for the 
body or centrum, and one each for the neural arch and processes. The 
neural arch centers for the upper cervical vertebrae are the first to be 
visualized, being demonstrable after the seventh week of fetal life. Ap-
proximately a week after the centers for the neural arches have appeared 
the osseous nuclei for the lower dorsal bodies are seen. Gradually and 
progre sively additional nuclei for the bodies and arches are developed, 
ossification progressing distally for the arch structures; however, in the 
base of the vertebral bodies, both cephalic and caudal progression is the 
order with caudal ossification predominating. 
During development of the central nucleus for the body in the second 
month of intra-uterine life, the nucleus assumes bilobed characteristics; 
*Revision of a paper origina.lly read before the General Sessions of the Conven-
tion of the American Osteopathic Association, Chicago, July, 1937. 
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and in some instances this change becomes so pronounced and distinct as 
to afford the deYelopment of two nuclei. Occasionally the two nuclei 
remain separate and unfusecl throughout life. 
Between the primitive vertebrae there is material which later becomes 
the limiting outer portions of the intervertebral discs, and the notochordal 
segments in these regions form the nuclei pulposi. The fully developed 
intervertebral elise is composed of an outer laminar portion, the annulus 
fibrosus, together with a more or less oval-shaped center, the nucleus 
pulposus. The annulus fibrosus is composed of fibrous connective tissue 
and fibrocartilage attached firmly to the vertebrae above and below. The 
annulus completely surrounds the elastic nucleus pulposus which is made 
up of a fibrocartilaginous envelope which tends to merge with the annulus. 
The outer fibrocartilaginous covering separates the nucleus pulposus from 
the hyalin cartilage end plates above and below. The nucleus pulposus 
is composed of a gelatinous central mass of a mucoid character, probably 
having its origin as degenerated notochord cells and fibrocartilaginous 
elements. 
Secondary centers of ossification are afforded the developing lateral, 
spinous, and articular portions of the vertebrae. Incomplete ossification 
and incomplete fusion of these secondary centers are not infrequently 
observed at roentgen ray examination of the spine. 
A review of the literature indicates that but scant attention has been 
paid the facet processes and the facet articulations, yet roentgenological 
studies often demonstrate significant variations in development of these 
parts. Variations in the length of the articular processes, altered facing 
of the articular planes. and, not infrequently, asymmetry of form and 
relief of the processes and joint surfaces of the same vertebrae. and even 
in contiguous vertebrae, can be demonstrated with surprising frequency, 
chiefly in the lumbar region. To the roentgenologist these changes assume 
considerable importance from both the anatomic and physiologic viewpoint, 
particularly along lines relating to osteopathic theory and practice. Fur-
ther reference to the facet processes anrl articulations will be made later 
in this paper. 
At birth the vertebrae are found to be composed of a large central 
nucleus for each body and two lateral osseous nuclei for the arch struc-
tures. No union of these nuclei can be demonstrated roentgenologically 
at birth, but during the first year of life the lateral nuclei become jointed 
posteriorly and fusion occurs. The process of fusion in the lateral nuclei 
takes place earliest in the lumbar area, progressing up\vard through the 
dorsal and cervical regions. 
During the third year of life the neural arches begin to unite with 
the bodies, this change taking place first in the cervical column and pro-
gressing caudad, the lumbar arches being ununited until about the sixth 
year. 
Shortly after puberty the secondary centers of ossification appear 
for the superior and inferior margins of each vertebral body. At the same 
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time the secondary centers at the extremities of each spinous process and 
each transverse process become demonstrable. Fusion of the nuclei for 
the vertebral body and as well those for the transverse and spinous 
processes takes place at about the twenty-fourth to twenty-sixth years of 
life, though the time of their appearance and ultimate fusion is variable 
and is apparently influenced by factors which may act to retard or stimulate 
osseous skeletal development such as endocrine dysfunction, metabolic 
disease, and trauma. 
Certain of the vertebrae fail to display the characteristics of ossifica-
tion found in the typical segments referred to above. The atlas under-
goes ossification through three centers; two for the posterior arch make 
their appearance at about the seventh we~k of intra-uterine life, and one 
for the anterior arch becomes visible at about the end of the first year 
of life. During the third year, fusion of the posterior arch takes place 
but fusion with the anterior arch is not completed until about the sixth 
year. 
The axis is ossified from five primary centers, one for the body ap-
pearing at about the eighth week, two for the arch at the fourth month, 
and two laterally for the dens or odontoid process during the sixth month. 
A separate cartilaginous nucleus surmounting the dens and representing 
an epiphysis joins the rest of the process at about the twelfth year, and 
an additional center for the body of the axis becomes demonstrable at its 
inferior surface at puberty. 
The seventh cervical and the first lumbar vertebrae show separate 
centers for each costal process. These centers make their appearance at 
about the sixth fetal month and unite with the vertebrae at about the 
sixth year. 
The lumbar vertebrae display additional centers for various processes, 
including separate centers for the tips of the inferior articular processes. 
Ossification in the sacrum takes place through some thirty-five centers. 
Fusion of the costal portions of the sacrum occurs soon after puberty, 
to be followed by ossification of the intervertebral discs. Complete fusion 
is usually present by about the twenty-fifth year. Persistence of the disc 
structure in the sacrum is not uncommonly found at roentgenological ex-
amination. Asymmetry of development o"f the sacral ala, inequalities of 
ossification on the two sides of the sacrum, together with unleveling of 
the sacral base, are met with and demonstrated repeatedly. These changes, 
and particularly that involving sacral base unleveling, may have far-reach-
ing effect upon the superimposed lumbar vertebrae, including the facet 
articulations and the intervertebral discs. Work engaged in at the Phila-
delphia College and Hospital during the past several years tends to bear 
out the fact that the unlevel sacrum contributes directly to the production 
of altered vertebral mechanics and lumbar decompensation, and careful 
investigation and analysis of an increasing number of cases have shown 
that the unlevel sacrum can occur as a result of faulty development and 
ossification. 
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Shortly after birth the first coccygeal vertebra displays evidence of 
ossification with like changes occurring in the second, third, and fourth 
segments from the fifth year until after puberty. Union between the 
individual coccygeal vertebrae, and most commonly the distal three seg-
ments, usually transpires during adult life. 
- Abnormalities of Congenital and Develop11lental Origin 
Congenital aberrations of almost every degree and type are found to 
affect the vertebral column. Some of these are so severe as to be incom-
patible with normal existence and life. Others are of so trifling a nature 
as to remain unnoticed except for roentgenological disclosure or direct 
demonstration at the autopsy or dissection table. 
Departures from average normal are found to occur most often in the 
atlanta-occipital, cervicodorsal, dorsolumbar, and lumbosacral regions. 
These sites constitute areas in the spine where vertebral characteristics are 
transitional in nature. At these spinal levels individual or multiple verte-
brae often d_evelop characteristics more or less representative of the verte-
brae in the adjacent major spinal division, and likewise asymmetry of 
development may take place in various portions of a single vertebra. 
Any departure in osseous development tends to affect the physiologic 
possibilities of the parts involved, and calls for compensatory effect in the 
adjacent and even it1 far distant portions of the spine. This fact is 
readily demonstrated in the scoliotic states. 
Exceedingly common are the abnormalities of development which 
affect the · lumbo~acral region; and the recognition of their existence is of 
great importance, since this portion of the spine is called upon to support 
and manage the superincumbent weight of the head and the trunk. De-
formity arising on the basis of altered vertebral development in the lumbo-
sacral region will interfere strikingly ':vith maintenance of posture and 
will also be productive of abnormal vertebral mechanics in a vast majority 
of instances. 
The vertebral body 
When the vertebral body or centrum develops from two lateral centers 
and failure of fusion occurs, hemivertebra results with a divided or split 
centrum. In some instances on record the development of an anterior 
spina bificla with meningocele had taken place, due to protrusion of the 
meningeal structures through the incompletely ossified centrum. 
Should only one of two lateral centers develop, a unilateral hemi-
vertebra results which may become fused with the adjacent vertebra. or it 
may remain as a separate and partially developed segment. 
Hemivertebra leads to and produces a change in the normal curYe 
of the spine, itwariably resulting in scoliosis. The compensatory mecha-
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nism resulting from such involvement calls for a profound alteration 
in vertebral mechanics. As a rule, the condition is unnoticed until the 
child begins to walk and to assume an upright posture, unless it is acci-
dentally discovered during radiographic examination for some other 
condition. 
Fusions of the vertebral bodies, with partial or complete absence of 
the intervertebral discs, are sometimes encountered at roentgenologic ex-
amination, the two bodies or centra being represented as a single fused 
vertebra. In the adult, considerable difficulty may arise in determining 
whether or not fusion of two or more vertebrae has resulted from con-
genital abnormality or from some inflammatory disease. 
Deformity as described by Klippel and Feil in 1912 may be encoun-
tered in the cervical column. In this condition there is fusion of the 
cervical bodies attended by numerical reduction of the cervical and upper 
dorsal segments. The vertebral bodies may be fused into one mass or 
may be formed into several pairs of fused segments. Accompanying this 
synostosis of the cervical column there is usually posterior spina bifida 
with elevation of the scapulae. 
Synostoses of the atlas with occiput ( occipitalization) and fusion 
between the atlas and axis have also been seen at roentgen examination. 
These synostoses may be either unilateral or bilateral. 
Vertebral fusions, when accompanied by neural arch deficiencies, spina 
bifida, and other associated anomalies of development, result in shortening 
of the regional spinal division with limitation in vertebral mobility. Scoli-
osis, torticollis, nystagmus, extremity nerve lesions, joint pathology ( neuro-
trophic), disturbed sphincter control, and progressive muscular changes 
may be associated with the aforementioned vertebral anomalies. 
An unusual anomaly in vertebral development was observed in three 
cases seen in the Department of Radiology at the Philadelphia Oste-
opathic Hospital. In these three cases variations in development of the 
odontoid process of the axis were demonstrated ranging from complete 
agenesis to limitation in development of the odontoid as demonstrated in the 
form of a small rudimentary tubercle. In each instance the abnormality 
in development of the odontoid resulted in preternatural mobility between 
the atlas and axis to the point of flexion luxation, and was productive of 
neurologic symptoms, notably suboccipital pain, brachial neuralgia, and 
numbness and tingling in the upper extremities. 
The pedicle and arch 
Faulty arch ossifications in arch development may occur in any part 
of the spine, but are most often encountered in the lumbar and lumbo-
sacral regions. Location of the defects may be confined to the pedicle 
or lamina, or both of the e parts may be affected in one or more vertebrae. 
In open lumbar and sacral arch deficiencies, spina bifida, either of the 
occnlta or manifesta type, may be present, the latter form frequently being 
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manifest clinically by existing meningocele or myelocele. Spiria bifida 
occulta is a most common form of spinal deformity, resulting from failure 
of development and ossificatio'n of the neural arches. 
Spondylolisthesis with its characteristic deformity is usually found 
to be associated with defects in development and ossification of the neural 
arches. In this condition a vertebra is displaced forward. The displace-
ment most often affects the body and anterior arch, with the articular 
processes and posterior arch portions remaining in position. Associated 
facet disturbances may accompany arch deficiency with the entire vertebra 
thrown into forward displacement. Spondylolisthesis is most common 
to the fifth lumbar vertebrae and its occurrence here may be ascribed to the 
large number of developmental deficiencies found to affect the lower 
lumbar and lumbosacral vertebrae. The diagnosis of spondylolisthesis is 
of considerable importance. 1 he condition has been found to affect the 
male more often than the female. However, in the latter its recognition 
is of particular importance, since the deformity set up by the displaced 
vertebra may interfere with normal pregnancy and labor. Spondylolisthesis 
is invariably a cause of lower back disability and the condition has also 
been found to excite urinary tract pathology, ostensibly through its effect 
upon the ureter. 
Variations in the development of the pedicles occur with rather sur-
prising frequency; at least, this has been a frequent observation in a 
substantial number of cases seen for x-ray examination of the spine by us 
over a period of fourteen years. We have noted variations in length of 
the pedicles, particularly in the lumbar column. In some instances a single 
vertebra will show increased length of pedicle, resulting in altered align-
ment between it and the immediate vertebral bodies above and below. 
This finding has been located most often in the mid-lumbar segments. In 
other cases, shortening of the pedicles has been present, chiefly in the 
last lumbar vertebra, usually resulting in altered alignment between the 
posterior limits of the last lumbar vertebra and the first sacral vertebra. 
Prepared anatomic specimens of lumbar vertebrae, supplied by Dr. 
Angus Cathie, Head of the Department of Anatomy, show alterations in 
length of the pedicles, and also variations in the horizontal plane of the 
pedicles. 
Abnormalities of pedicle development would probably contribute to 
altered vertebral physiology, not only in the facet articulations, but as 
well in the intervertebral disc. 
The spinous processes 
Development of the spinous processes may be attended by morpholog-
ical variations. Deflections of the processes to either side of the spinal 
midline are exceedingly common, thus tending to make them somewhat 
unreliable as landmarks to be employed in examining the spine for pur-
poses of determining the presence or absence of altered vertebral align-
ment and relationship. 
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Developmental absence of the spinous processes has been encountered 
at roentgenologic examination and in our experience this anomaly has 
been found most frequently in the lower dorsal region. 
The first sacral vertebra has frequently presented abnormality in 
ossification of the spinous process, most often with the tip of the process 
persisting as a center and the base of the process unossified or with the 
entire spinous process showing a lack of ossification with the laminae of 
the vertebra. 
The transverse processes 
The lateral or transverse processes, particularly in the lumbar region, 
are open to great variation in development, not only as to length and 
thickness, but also in plane of projection from the vertebral mass. 
Transitional changes in the fifth lumbar and the first sacral vertebrae 
have received considerable attention in the literature. Sacralization of the 
fifth lumbar and lumbarization of the first -sacral segment occur with such 
frequency as to constitute two of the most common vertebral anomalies. 
They represent forms of transitional vertebral development which bear 
upon the structural integrity and physiological stability of the lower back. 
Sacralization of the fifth lumbar vertebra may be incomplete or reach 
· complete proportions, with one or both lateral masses showing enlarge-
ment and the tendency to contact or actually fuse with the ala of the 
sacrum. 
Lumbarization of the first sacral segment in the greater number of 
instances has been found · to assume an incomplete form; but, occasionally, 
cases have been noted where the transition was complete in anatomic detail 
resulting in numerical variation in the lumbar column. 
The transverse processes of the last cervical and first lumbar vertebrae 
through anomalous and transitional development have been found to possess 
ribs. The degree of rib development in these vertebrae varies to a con-
siderable extent. The costal elements may be well formed or they may 
assume but diminutive proportions. In some cases attempted rib develop-
ment was indicated by the presence of elongated transverse processes with 
no costovertebral articulation. Non-union of the small epiphyses situated 
at the tip of the transverse processes may persist throughout life, and 
at roentgenologic examination they may be and have been mistaken for 
fracture. 
The articular processes 
The articular processes constitute the osseous elements of the true 
vertebral joints and like other vertebral parts are open to variations in 
anatomic development. 
Roentgenologic examinations of the spine show morphological changes 
in the zygapophyses when the so-called anatomic normal is considered as a 
basis for evaluation and comparison. 
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Our investigation of the articular processes has been directed chiefly 
to those of the lumbar column. It is of interest to observe the minor 
yet readily demonstrable changes in the size and shape of the processes 
and to note the variations in the articular planes of the facets. 
The lumbar facets in so-called anatomic normal development occupy 
articular planes so that the superior facets face medially and backward and 
the inferior facets laterally and forward. In the upper and mid-lumbar 
regions the facets tend to face in the sagittal plane, while the lower lumbar 
and particularly the lumbosacral facets favor a coronal facing. 
Variations in the articular plane of the facets may exist in one or more 
of the vertebral joints. The lumbosacral facets are prone to display 
anomalous changes. In this region of the spine the facets under average 
normal conditions present a coronal .facing. Frequently one pair of facets 
will show development in the sagittal plane, while the contralateral pair 
will display coronal relief (Articular tropism of Putti). On the other 
hand, each pair of lumbosacral facets may show development in the sagittal 
plane. Other anatomic variations of the facets include the flat or oblique 
form of articular relief, elongation or shortening of one or more facets, 
and increased horizontal width or axial narrowing of the articular process 
on one or both sides of one or more vertebrae. 
Since the anatomic development of joint surfaces dictates the char-
acter, and to some extent the range, of articular motion, and since the 
physiology of the spine is dependent both upon segmental and group 
vertebral mobility, variations in anatomic development of the articular 
processes tend to alter and to directly influence vertebral mechanics. 
Asymmetry of facet development may be the sole cause of abnormal 
vertebral mechanics or may be complimented by other factors, such as 
altered tonus in the perivertebral muscles, faulty posture, trauma, inflam-
mation of the osseous and articular soft parts, disc pathology, and sacral 
base unleveling with or without anatomic variations in leg length. 
Persistence of epiphyses "for the inferior articular facets of the lumbar 
vertebrae occurs and has been demonstrated at roentgenologic examination. 
The epiphysis or ossicle, due to its anatomic location at the tip of the 
articular process, may be mistaken for fracture since a narrow radio-
translucent zone of cartilage is present between the ossicle and the articular 
process proper. 
Summary 
Brief reference is made to the embryologic development of the ver-
tebral column, and to postnatal development and ossification of the ver-
tebrae. 
Anomalies and transitional changes in development are common to 
the vertebral column. An attempt has been made to point out some of the 
more common anomalies of vertebral development encountered at roent-
genologic examination. 
Attention is directed to the fact that information of importance might 
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accrue relative to the articular spinal lesion if developmental variations 
commonly observed in the articular processes of the vertebrae were given 
thoughtful and investigative consideration. 
The recognition of anomalies and developmental changes in the ver-
tebrae is of importance to the physician engaged in the practice of osteo-
pathic medicine, also to the professional witness in court, and to the 
radiologist, orthopedist, and research worker. 
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THE DIAGNOSIS AND TREATMENT OF THE HERNIATED 
NUCLEUS PULPOSUS* 
}AMES M. EATON 
Associate Professor of Orthopedic Surgery in the College and Attending 
Orthopedic Surgeon in the Hospital 
Since the announcement of the articular lesion of Still there probably 
has not been a more brilliant chapter in the etiologic diagnosis of sciatic 
pain than that through which we are now passing: The clinical study of 
the role played by posterior protrusion of the intervertebral disc and 
rupture of the annulus fibrosis with posterolateral herniation of the 
nucleus pulposus as a cause of nerve root irritation in the cauda equina. 
In 1927, Schmorl, as a result of his post-mortem studies, brought to the 
attention of the medical profession the fact that thirty-eight per cent of 
his cases revealed a displacement of the nucleus pulposus into the spongiosa 
of the vertebral body. In 1928 and 1929, Schmorl and .Andrae presented 
the results of study of the cartilaginous masses found within the spinal 
canal consisting of the nucleus pulposus which had herniated through de-
fects in the annulus fibrosis. It is the physical nature of the nucleus pulposus 
which is largely responsible for the behavior of the intervertebral disc in 
disease as well as in health. -
Prior to the above reports, there had been mention in the literature 
of chondromas, enchondromas, fibrochondromas, and fibromas of the in-
tervertebral disc. In 1928 and 1930, Alajouanine and Petit-Dutaillis 
recognized these "chondromas" to consist of the displaced nucleus pulposus 
of the intervertebral disc. In 1898, Kocher recorded the first known case 
of a traumatic rupture of the annulus fibrosis of the intervertebral disc. 
However, 1934 was the year Mixter and Barr called attention to the 
presence of ruptured discs in many cases of severe back and sciatic pain 
with meager neurologic findings. To them should go the credit for demon-
strating that root compression as the result of pathology in the interverte-
bral disc is a common cause of severe sciatic pain. They also called 
attention to the true nature of the "chondromas" -and the role played by 
the nucleus pulposus in these lesions. Since that time reports have ap-
peared in the literature from a host of investigators elaborating and clarify-
ing these new clinico-pathological entities. 
The diagnosis of rupture of the annulus fibrosis with posterolateral 
herniation of the nucleus pulposus and posterior protrusion of the inter-
vertebral disc cannot be undertaken lightly, as the clinical findings char-
acteristic of this pathology may be found in many other conditions. Treat-
ment can be properly determined only after a thorough study has been 
* Read at the Annual Convention of the Massachusetts Osteopathic Society, 
Boston, Massachusetts, January 15, 1944. 
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made of the history, physical, neurological, and roentgenological examina-
tions. As Bradford and Spurling have stated, "The difference between 
brilliant results and very mediocre results rests upon the wisdom with 
which available knowledge is utilized." 
Herniation and retropulsion of the intervertebral discs seems to be 
more common in men than in women, probably because of the more 
strenuous life to which men are subject. Faulty posture, altered vertebral 
mechanics, true scoliosis, trophic disturbances of the disc from faulty 
nerve and blood supply, low grade infectious processes, and the articular 
lesion of Still might well cause degener~tive changes in the annulus fibrosis 
or the posterior longitudinal ligament, weakening the peripheral portion 
of the disc and causing it to become predisposed to injury. In some cases 
it has been difficult to elicit a history of specific injury preceding the onset 
of the initial attack of disability and pain. In most cases, however, the 
history of trauma immediately preceding the onset of symptoms is an out-
standing feature. Patients giving no definite history of trauma may have 
occupations which produce constant wear and tear on the lumbosacral 
portion o{ the spine, and this type of insult should be considered as an 
important factor in the etiology. Any level of the spine may be affected; 
though the lumbar region, because of its peculiar anatomic make-up, is the 
most vulnerable. Most lesions occur at the level of the fourth lumbar 
and lumbosacral discs. 
The patient suffering from this clinical entity presents a symptom-
complex that differs little from that in a multitude of patients suffering 
from low back pain with or without sciatic phenomena. The patient usually 
presents a picture of repeated attacks of low back pain which in the past 
usually has caused a period of disability of a few days to several months. 
Frequently, no relief was experienced from pain in the lower back since 
its onset. The sciatic pain usually is inaugurated some time after the 
onset of the low back distress, though we have seen cases in which the 
patient has suffered from sciatic pain before the inception of low back 
pain. The low back pain is usually localized at the lumbosacral and sacro-
iliac area, though it may be encountered higher; or the patient may ex-
perience a pain over the sacrosciatic notch causing a gluteal syndrome. 
There is usually exhibited a sciatic scoliosis, ordinarily tilted away from 
the side of lesion or greatest pain, and the normal lumbar lordosis is 
generally diminished and may be replaced by a rounded kyphosis of the 
lumbar spine. Pelvic tilt in conjunction with the sciatic scoliosis is usually 
present, the pelvis being high on the side of concavity. Violent motions 
such as coughing, sneezing, vomiting, or blowing the nose will frequently 
exaggerate the pain during the height of the attack 
It has been our observation that activity increases the severity of 
the pain suffered by these patients, and that relief may be obtained by 
reclining in bed · on either side, although the pain may not subside for 
several hours after retiring. This phenomenon is characteristic of sciatic 
pain and differs in no way from those cases of sciatic pain from other 
causes. 
76 JAMES M. EATON 
Motion of the lumbar spine is dependent upon the degree of muscle 
splinting by the anterior and posterior paraspinal musculature, though for 
the most part these patients exhibit limitation of motion in flexion and 
extension because of the pain accompanying such maneuvers. 
The leg signs of Lasegue, Goldthwaite, Laguere, Patrick-Fabere, 
Gaenslen, Bragard, and many others produce a tension and strain on the 
lumbar arthrodials, the sacroiliac joints, and hip joints by muscular ten-
sion, and they may or may not be found positive depending upon the 
sensitivity of the patient at the time of examination. If examined in the 
acute stage, definite localization of arthrodial irritation can be determined. 
Palpation of the back in the standing, sitting, and prone positions will 
usually reveal tenderness which coincides with the painful areas determined 
by the leg maneuvers and active motion of the patient. Tenderness is 
usually elicited over the fourth and fifth lumbar, lumbosacral, and sacroiliac 
arthrodials, together with tenderness over the iliolumbar ligaments, in the 
aponeurosis of the sacrospinalis and gluteus maximus muscles, and in 
whole or in part over the distribution of the sciatic nerve. 
Percussion of the spinous processes will usually elicit severe pain 
directly over the segment involved, though frequently two or more spinous 
processes will be found causing the patient severe pain on percussion. 
This latter maneuver may or may not be accompanied by a radiation of 
pain over the distribution of the sciatic nerve or by muscle spasm. 
Hyperesthesias along the lateral aspect of the foot and leg over the 
distribution of the dermatomes of the fifth lumbar and first sacral seg-
ments are usually found, and similar involvement of the posterior thigh 
and peri-anal region has frequently been noted, but not uniformly found. 
Numbness and tingling may also be present in these areas, though no 
loss of sphincter control is found. These signs are relatively inconspicuous, 
but when found are further evidence of root pain. Careful study of the 
reflexes of the lower extremities will usually reveal diminution or absence 
of the achilles and plantar reflexes on the affected side, though these 
abnormalities may not be present if the involvement is of short duration. 
In those cases of long standing nerve root irritation, one can usually 
elicit evidence of impaired muscle function in the anterior crural muscle 
group on the affected side. Muscle atrophy of the affected lower ex-
tremity and gluteal region may be present, and the muscle weakness may 
develop into monoplegia or paraplegia. Disturbances in function of the 
bladder and bowel are not uncommon, particularly in cases exhibiting a 
complete block of the subarachnoid space on the myelogram. 
A simple test that will aid in demonstrating the root pain by causing 
increased tension on the irritated dura which will in turn cause painful 
radiation over the fibers .affected, may be performed by compressing the 
jugular veins digitally or by means of a sphygmomanometer cuff wrapped 
around the neck and a pressure of forty to sixty millimeters of mercury 
applied for one to two minutes. The jugular compression test (Viets 
test, Naffziger test, Jones test) will be found positive in the great majority 
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of these cases. It causes increased pain at the focal point of low back 
involvement, or pain radiating over the distribution of the involved sciatic 
nerve, . e1ther on compression or on the sudden release of pressure. 
X-ray study of the lumbar spine and pelvis, together with posture 
studies, are carried out and films evaluated. For the most part, it has 
been our experience that such studies fail to reveal pathologic changes 
of sufficient degree to cause the severe symptom-complex from which the 
patient suffers. Narrowing of the intervertebral disc may be suggestive, 
but to study the internal configuration of the spinal canal it is necessary 
to inject a contrast medium to demonstrate defects and evidence of space 
encroachfng lesions of the lumbar area. Air myelography is recommended 
and employed, and has proven highly satisfactory in our hands. It is a 
relatively safe procedure if certain precautions are taken, and no serious 
ill effects may be expected. The patient is placed on either side on a tilt-
ing x-ray table. Subarachnoid puncture is made between the first and 
second lumbar spinous processes. When a satisfactory tap has been made, 
the table is tilted in a Trendelenberg position of twenty degrees or more, 
and the spinal fluid removed in amounts of 5 cc. and replaced with like 
amounts of air until all the fluid in the lumbar bulb has been removed. 
Occasionally, it will be found that only 5 cc. or 10 cc. of fluid can be 
removed, and because of the possibility that more fluid may be trapped in 
the distal portion of the cauda equina, it may be necessary to strike the 
buttocks several sharp blows to dislodge the fluid. Ordinarily, 35 cc. to 40 
cc. of air is injected; rarely have we used more than this amount, as air 
usually returns in the syringe after 25 cc. of fluid has been removed. Col-
lodion dressing is applied and the radiograms made. The patient is re-
turned to bed, remaining in the Trendelenberg position during transit, and 
kept in this position for a period of eight hours, then allowed to be fiat 
without a pillow for eight hours, and following this gradually allowed to 
sit up in bed depending upon the occurrence of headache and dizziness. 
Inhalations of oxygen are given routinely for two minutes every ten 
minutes for the first hour, and every fifteen minutes during the second 
hour. Further oxygen inhalation is given on the appearance of nausea and 
headache. Because of nausea, it is generally best to administer analgesics 
by hypodermic injection rather than by mouth to relieve the pain of head-
ache which sometimes follows. 
Whenever the procedure 'of air myelography is carried out, the patient 
receives only liquid diet, and one hour before the study is given a hypo-
dermic of morphine sulfate grain ~ and scopolamine grain 1/200. 
Determination of spinal fluid pressure and examination of the fluid 
have failed to reveal any unusual findings that would characterize protrud-
ing elise. Occasionally, one encounters a slight increase in protein con-
tent, and a slight increase in spinal fluid pressure; but these findings are 
not significant. 
If the findings are inconclusive and localization of the lesion is 
indefinite, oil myelography may be carried out. However, one should 
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allow a lapse of ten to fourteen days to permit the dura to recover from 
the irritation of the previous puncture. We have found that oil will 
frequently break up mto small globules and be unsatisfactory for visualiza-
tion if lipwdol is mjected too soon after the first puncture. Three to five 
cubic centimeters of lipiodol are injected at the level between the first and 
second, or second and third lumbar spines, the patient being in the sitting 
position and kept in this position until delivered to the radiologist for 
study. 
Severe aggravation of the symptoms may follow oil myelography 
because of the transitory irritative leptomeningitis that sometimes occurs, 
but these symptoms usually subside within a few days. Nausea, vomiting, 
and headache are quite common and can usually be controlled by inhala-
tions of oxygen and the administration of a sedative by hypodermic 
injection. 
The dangers of lipiodol being scattered throughout the subarachnoid 
spaces and ventricles of the central nervous system have been mentioned 
repeatedly by many throughout the literature, while others have written 
that these fears are groundless. However, attempts have been made to 
remove the oil by one means or another. Recently we have been success-
ful by roentgenographically ascertaining the level of; the oil deposit in the 
cauda equina, usually in the neighborhood of the second sacral segment. 
With the patient in the sitting position, a small puncture wound is made 
in the skin under _regional anesthesia, and by means of a suitable ha.nd 
drill, a hole is made through the dorsum of the sacrum at the predetermined 
level sufficient to admit a sixteen gauge needle. This is inserted into the 
lowermost portion of the cauda equina and the oil aspirated by syringe. 
In those cases in which oil myelography is desired or necessary, this 
procedure will be helpful to those who object to the use of lipiodol because 
of its irritative nature. 
Failure to demonstrate space encroaching lesions of the cauda equina 
by myelography does not necessarily mean that one is not dealing with a 
retropulsed disc, for the patient may be suffering from a transitory or 
intermittent disc protrusion-the phenomenon of "concealed" disc. In 
such cases, if conservative treatment has failed after a period of several 
months, myelography should be repeated, particularly at the height of the 
attack; and at this time, more positive findings may be demonstrated to 
assist the surgeon in localizing the lesion. There are some who recommend 
surgery on the patient suffering from this symptom-complex, even in the 
absence of confirming radiographic findings. 
It is important to note that two or more conditions may be present 
in the lower back at the same time, each of which may be of sufficient 
intensity to cause the patient's complaint, or one may be dependent upon 
the other. Patient and doctor should discuss freely these possibilities and 
that the results from any surgery may be influenced by other complicating 
pathology which may· or may not be amenable to treatment. 
In those cases in which it is demonstrated that the condition is one 
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of retropulsion of one or more lumbar intervertebral discs or evidence of 
thickening of the ligamentum flavum, exposure of the spinal canal by 
partial or complete laminectomy or by means of an osteoligamentous flap 
is indicated. The space encroaching lesion of the cauda equina should be 
removed, if possible, or the invoived areas decompressed to allow for 
posterior projection of the cauda equina through the laminar defect. 
There should be no hesitation in recommending surgery in a patient 
who is otherwise a good surgical risk. Rarely is there response to con-
servative treatment, and much valuable time is lost and irreversible nerve 
damage continues until the cause of root pain is eliminated. Results 
obtained by surgery have been most gratifying, though complete evalua-
tion of the procedure must await several decades of observation. 
Many times a patient suffering from low back pain, with or with-
out sciatic pain, presents a neurologic problem as well as an orthopedic 
problem. 
There are many patients exhibiting uncomplicated herniation of the 
nucleus pulposus, who give a history of sciatic pain with a minimum of 
low back pain; chronic backache is not an outstanding feature of the his-
tory. They have a stable low back and require only removal of the 
herniated nucleus. Contrasted to this are those suffering from herniated 
nucleus pulposus in whom there is a complicating low back instability. 
If these cases are looked upon as suffering two distinct clinical entities, 
much of the discussion and confusion regarding the question of the need 
for spinal fusion will be settled. These are the patients in whom com-
plete relief is not obtained following excision of the herniation alone, and 
they should have spinal fusion to stabilize the lower back. 
It has been our surgical experience, confirmed by the histopathologic 
findings of the specimens removed, that in most cases the nerve root pres-
sure has been due to a retropulsion or posterior protrusion of the inter-
vertebral disc. In many of these cases, the fibrocartilage of the annulus 
is loose and projects posteriorly to cause compression of the cauda equina 
without rupture of the annulus or herniation of the nucleus pulposus. 
The number of cases demonstrating true herniation of the nucleus pulposus 
or rupture of the annulus have been in the minority as compared with those 
cases of a retropulsion or posterior protrusion of the annulus fibrosis of 
the intervertebral disc. 
Adhesions about the nerve roots, together with swelling or edema 
of the nerve sheaths are encountered in almost every case and are an indica-
tion of the radiculitis that is found in these cases. Occasionally, the 
nucleus pulposus will mushroom upward and downward beneath the pos-
terior common ligament to push the ligament posteriorly and not produce 
a localized protrusion. 
Thickening of the ligamentum flavum is occasionally encountered. 
If several segments have been exposed for better visualization, the thick-
ening of the flavum is generally seen to be greatest at the level of most 
marked protrusion of the disc. In a few cases it was felt that. the liga-
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mentum flavum played a more important part in the etiology of the patient's 
symptoms than did the retropulsed disc. 
At surgery the protruding portion of the disc is removed, the nucleus 
pulposus thoroughly curetted, and necrotic material removed. 
The greatest problem during the convalescence of these cases is the 
rehabilitatiOn of the paraspinal musculature which preoperatively has 
exhibited a chronic fibromyofascitis, in most instances of many years' 
duration. The trauma of surgery naturally aggravates this involvement. 
When the sensitivity of the back will permit, the patient should be given 
flexion and hyperextension exercises while in bed, passive at first, later 
active. Osteopathic manipulative therapy is an invaluable aid if the 
physician will take the time and have the patience and perseverance to give 
these patients the care they need. 
At the present time our management is to allow these patients to sit 
on the edge of the bed eight hours after surgery has been performed. 
On the following day they are gotten out of bed with assistance, allowed 
to stand for a few moments, and if strength permits, allowed to take a few 
steps. On the second day postoperative they are allowed to walk about 
the room, and on the third day allowed lavatory privileges. After this time 
the patient is encouraged to be ambulatory at will, and is allowed to get 
out of bed by himself and attend to his own bodily functions. On the 
seventh or eighth day postoperative, if there is no untoward reaction, stair-
climbing exercises are instituted and carried out at least twice daily during 
the remainder of the stay in the hospital. Most patients are able to leave 
the hospital in twelve to fourteen days unless they must travel great dis-
tances on their return home, in which case they may be kept for a few 
days longer. It has been my experience that patients who are allowed 
immediate postoperative ambulation seem to recover their muscular strength 
and balance more quickly, there are fewer gastro-intestinal disturbances, 
their sense of well-being is given a tremendous lift, and the rehabilitation 
of the musculature is aided materially. 
If a bone graft has been employed to stabilize the lower back, the 
patient must, of course, be kept immobilized until osteogenesis has taken 
place and complete fusion is present. As a rule, not more than six weeks 
rest in bed is necessary, followed by a period of from six to eighteen 
months in a cast or brace for support until osteogenesis is completed. 
After discharge from the hospital the rehabilitation of the musculature 
of the back and of the lower extremities should be developed carefully, and 
usually the physician must exercise his powers of persuasion to the utmost 
to make these patients perform the calisthenics which are so necessary. 
Because of the fact that most patients suffer some distress in the lower 
back and some sciatic radiation, there is a tendency for them to remain 
as quiet as possible, which is the worst possible thing they could do. Unless 
muscle rehabilitation is carried out, the patient will develop a severe fibro-
myofascitis with continued obliteration of the lumbar lordosis and' marked 
contraction of the hamstrings and gluteal musculature with resultant dis-
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ability, and the successful surgery will be nullified by these after effects. 
I do not believe this after-care l1as been stressed quite strongly enough 
in the literature, and I would like to emphasize that the removal of the 
retropulsed portwn of the disc or the herniation of the nucleus pulposus 
has simply removed the irntation to the nerve roots and cauda equina. 
LJpon awakening trom surgery, the patient will generally complain of 
sciatic pain which may persist for a variable period of time until the 
nerve structures have been regenerated and the inflammation subsided 
throughout. The side effect of this involvement as manifest by the faulty 
posture and the muscular disability, must be corrected or the results of the 
surgery will be disappointing. 
These patients should be instructed in light calisthenics of flexion, 
extension, side-bending, and torsion maneuvers which should be taken 
regularly several times daily. They should be instructed not to strain 
or to force into these maneuvers, but rather allow the weight of the body 
to be the force behind the exercises. Each maneuver should be carried 
out not more than three times with each period of exercise, and the 
patient should be instructed to cease if certain exercises seem to aggravate 
or cause recurrence of the sciatic pain. Stair-climbing exercises are 
excellent for strengthening the muscles of the lower extremity. Walking 
should be encouraged, particularly outdoors, for its beneficial effect on 
the entire body as well as on the lower extremities. For the most part, 
the patient must be his own judge and limit his activities so that he does 
not become fatigued or exhausted with any form of exercise. 
These patients should be cautioned against any lifting for a period of 
at least three months. After that time light lifting of not more than 
twenty-five pounds is permitted unless the physical condition contraindi-
cates it. Heavy lifting is not permitted until after a year has elapsed. 
By this time reorganization of the nuclear space should be completed, and 
the muscle rehabilitation program should have progressed satisfactorily. 
If their work has been heavy and laborious we generally recommend that 
they seek a more sedentary occupation. 
Most of these patients present a functional neurosis and usually ex-
hibit a fixation or an anxiety which often requires as much attention post-
operatively as does the physical condition. One must keep in mind that 
most of them have suffered severe, excruciating pain which has been more 
or less constant over a period of months or' years, and that in many cases 
this has caused an exhaustion of the nervous system which may seriously 
interfere with ultimate recovery. Men seem to be less affected than women 
as the urge and necessity for recovery are more imperative because of 
familial and financial responsibilities. Medicolegal cases, as a rule, have 
poorer results than those in which the only interest is to get well. 
For some time after surgery some patients appear to exhibit evidence 
of motor and sensory nerve damage which will usually improve with time. 
Others will evidence permanent nerve damage as demonstrated by weak-
ness in the muscular action of the affected lower extremity, and persistent 
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paresthesias. The spinal cord and nerve roots are extremely hypersensitive 
to even the mildest torm of irritation, and it is probable that the prolonged 
pressure and nerve irritation from the herniated or retropulsed disc per-
manently damages the axial filaments, from which there is doubtful 
recovery. The most common disability is weakness of the anterior crural 
muscle group which permits foot-drop and toe-drop to a greater or lesser 
degree. At least eighteen months or two years should elapse before com-
mitting one's self definitely to the degree of residual nerve damage. 
Isolated muscle paralyses, grading to complete monoplegias or paraplegias 
may follow or persist postoperatively. 
If for some reason surgery is refused or not advised, the patient may 
be placed under anesthesia and the paraspinal, gluteal, and hamstring 
musculature thoroughly stretched. The arthrodials of the lower dorsal, 
lumbar, and sacroiliac regions are mobilized and the patient immobilized in 
a bilateral plaster-of-Paris hip spica for a period of six to twelve weeks. 
After this -period of time the patient may become ambulatory with the 
spine supported in slight hyperextension with a crutch-type of brace or 
a plaster jacket. The plaster jacket should be applied with the patient 
parti~Llly suspended by traction on the head for the purpose of separating 
the intervertebral segments and removing strain on the disc structures. As 
a rule, relief is experienced while wearing the cast, which should be worn 
for a period of from three to six months followed by the application of 
a suitable spinal brace to support and limit the motion in the lumbar, lumbo-
sacral, and sacroiliac arthrodials. The brace should be worn from one 
to three years, gradually removed, and replaced on the evidence of recur-
rence of the syndrome. This procedure is not completely satisfactory, q.s 
the patient is prone to recurrence of his disability, and as a rule much 
valuable time is lost as he will continue to have nerve root irritation and 
further nerve damage as long as the herniation or retropulsion persists. 
To properly evaluate and manage a patient suffering from space 
encroaching lesions of the cauda equina, it is obvious that there must be 
close cooperation between the orthopedic surgeon, the ~eurologist, and the 
radiologist to obtain the best diagnostic information, as well as the best 
therapeutic results. 
---
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A REVIEW OF RESEARCH. III. 
RADIOGRAPHIC STUDY OF CERVICAL VERTEBRAL MOTION 
IN TWENTY COLLEGE STUDENTS AND IN 
SIXTY CLINICAL SUBJECTS* 
FREDERICK A. LoNG 
Di~ector of. Research 
The need for additional knowledge concerning vertebral mechanics, 
especially as it might be applied to improvements in osteopathic manipula-
tive procedures, is obvious. Radiographic study offers one of the best 
methods presently availabie for studying vertebral mechanics in the human 
being, and roentgen ray studies have been part of our research program 
for the past ten years. The material contained in this review will pertain 
to preliminary work done to establish a new technique, and was originally 
reported in a monograph published by the Philadelphia College in 1938. 
A review is timely inasmuch as papers on a continuation of this work 
will appear in OsTEOPATHIC MEDICINE in the near future. Ordinary 
x-ray procedures are not suited to determining mechanical alterations 
since they employ static visualization. The technique developed by us is 
an attempt to translate the statics of the ordinary radiographic examination 
into mechanical dynamics and provide a basic for mathematical deductions. 
Investigations of spinal mechanics based upon palpation alone are 
rather unreliable, for individuals differ in their methods of examination 
and their interpretation of results. There are many changes in the total 
evaluation of disorders in the vertebral and paravertebral tissues which 
can be properly determined only by the trained sense of touch, but the 
very intricate nature of the living articulated vertebral column, subjected 
as it is to an ever changing multitude of influencing factors, suggested the 
need for supplementing the findings of palpation with as many procedures 
as possible in which the personal equation is reduced to a minimum. 
This paper reports the results of a new radiographic technique applied 
to five of the cervical vertebral segments as a preliminary series. Observed 
changes in flexion-extension motion in the second to sixth vertebral seg-
ments in a group of 20 college students and in a group of 60 clinical 
subjects will be presented. Study of the college student group was carried 
out to observe by this technique the flexion-extension motion characteristics 
in non-clinical subjects evidencing no gross abnormality. Study of the 
clinical subjects was conducted to compare the pre-manipulative status of 
these patients with control groups, and to observe any changes after 
*Based on work originally reported by F. A. Long and P. T. Lloyd in a mono-
graph published by the Philadelphia College of Osteopathy in 1938. 
Fiq. 1. Films of subject Number 20 showing the three positions in which studies were made and also showing the ruling 
applied. Note the interspace changes, articular changes, and spinous process changes in the three positions, and the effects the 
interspace changes produce on the line relationships. 
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manipulative treatment had been carried out. The two groups will be 
reported separately. 
Analysis of several factors was made. These factors include flexion-
extension motion range, intervertebral space changes (disc), body shifting, 
location and stability of the flexion-extension axis, and comparison of 
radiographic with palpation findings. Only the first of these will be 
reported at this time and the rest will be presented in subsequent papers. 
PRELIMINARY REPORT ON A NEw TECHNIQUE AND AN ANALYSIS oF 
CERVICAL VERTEBRAL FLEXION-ExTENSION MoTION CHARAC-
TERISTICS IN A GROUP OF 20 COLLEGE STUDENTS 
The student group of 20 subjects consisted of students of the Phila-
delphia College of Osteopathy, inciuding 17 males and 3 females. The 
average age was 22 years, with a range from 18 to 34. Only those without 
gross cervical vertebral abnormality as determined by palpation were 
included. 
Procedure 
Radiographic visualization was used to determine the changes occur-
ring between vertebral segments when the cervical column was moved 
between the unforced limits of flexion and extension. Lateral films of the 
cervical spine were made in the flexion, neutral, and extension positions 
(figure 1). 
The radiographic technique utilized consisted of the following: l\1a, 
100; time, one-half second; distance, two meters; voltage, varied to the 
thickness of the part. The two meter distance was found necessary to 
produce a film in which none of the five segments suffered from significant 
ray divergence. All films were exposed with the subject in the sitting 
position, the first film being made with the subject's head in the neutral 
position or normal erect cervical posture. The second and third films 
were exposed with the head and neck in flexion and extension respectively, 
these positions being taken in their unforced limits. 
Upon these films, a method of ruling was applied with which it was 
possible to measure changes taking place between adjacent vertebral bodies. 
A process of extension was used to magnify changes. Ruling was carried 
out as follows (figure 2) : The film of the neutral position was ruled first. 
Four points were established on each vertebral body corresponding to the 
anterior and posterior limits of the superior and inferior surfaces. The 
corresponding vertebral body on each of the other films, in turn, was 
superimposed upon the originally marked neutral film and homologous 
points established on the other films. From this point all films were ruled 
and treated in the same manner. 
Lines were drawn through the anterior and posterior points of the. 
upper and lower body surfaces (upper and lower segmental transverse 
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FIG. 2 
Diagram showing the method of film ruling an!S nomenoiature. 
lines). Lines were then drawn connecting the corresponding lower and 
upper body surface points of adjacent vertebrae (lateral intersegmental 
lines). The intersegmental transverse line was then drawn through points 
established midway between the lower segmental transverse line of the 
segment above and the upper segmental transverse line of the segment 
below. Upon the intersegmental transverse, a midpoint was established 
between the lateral intersegmentals (intersegmental center I. C.). Points 
were then established upon the intersegmental transverse 5 centimeters on 
both sides of the I. C. (extended intersegmental centers) . A line was 
then constructed at right angles to the intersegmental transverse passing 
through the I. C. (intersegmental vertical I. V.). Lines were then drawn 
parallel to the intersegmental vertical passing through the extended inter-
segmental centers transecting the lower and upper segmental transverse 
lines of adjacent vertebrae, the portion of these lines between the seg-
mental transverse lines being the extended intersegmental verticals 
(E.I.V.). 
It was measurement of changes in the lengths of the E.I.V. lines 
which gave the mathematical basis for this study. All measurements were 
made by the use of needle-pointed dividers applied to the film.s and then 
placed upon a millimeter rule where distances were read to within one-
half millimeter. 
The reason for using the E.I.V. measurements was to work with 
lines of considerable length rather than with the often small values repre-
senting changes occurring at the lateral intersegmental lines. Changes 
in the length of E.I.V. lines, therefore, did not represent actual changes 
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at the bodies but represented these alterations in an extended, magnified 
fashion which facilitated measurement. 
Figure 1 shows the three ruled films of subject number 20 of this 
series, and indicates the changes which took place among the various 
lines when this subject was carried through flexion and extension. All 
measurements later referred to as anterior (A) are those on the left of 
the films or anterior to the ~oltimn, while those referred to as posterior 
(P) are those from the right of the film or posterior to the column. 
Figure 3 shows diagrammatically the ruling of the interspace between the 
fifth and sixth cervical vertebrae of subject 20 and indicates the manner 
of measuring and tabulating results. Measurement ·of the E.I.V. at the 
fifth segment anteriorly in the neutral position showed it to be 9.0 mm. 
in length. This figure is seen tabulated under neutral position, fifth 
segment, at A. The posterior E.I.V. at P, was found to measure 1.0 mm. 
The segmental transverse lines cross in this instance, producing inversion 
of the posterior E.I.V. In the tabulation of these inverted values, the 
minus sign is used, and in the case of this measurement, it appears as 1.0 
under neutral position, fifth segment, posterior (P) reading. The dif-
ferences between A, A', and A", and between B, B', and B" are shown. 
These measurements indicate the ranges of motion expressed in milli-
meters of extended measurement. Measurements of the E.I.V. lines for 
all segments and positions were made and tabulated in this manner. 
Seg, ll9utral Fl exton Bxtenslcn 
A J:' A p A p 
2 
3 
4 
6 9.0 -/.0 1.0 8.0 12.5 -4.5 
6 
m1lhmeteri 
l!lnenston 
PIG, 3. Ilia gram of the 5th lnt .. rspece of subject #20 lu n en.,n, 
neutral position, and extenslqn, Table showing measurements taken 
at th1a segment in the above pos1t1ona. · 
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Results 
Intervertebral motion based on changes occurrmg between adjacent 
vertebral bodies 
The first study deals with ranges of motion in individual segments 
compared to the total range for the entire group of segments. The 
differences in E.I.V. lengths were utilized to determine this segmental 
contribution. The objective was to find an average percentage contribu-
tion for each segment based on the twenty subjects examined. In attempt-
ing to strike an average for such a group of subjects, it became apparent 
that comparison of actual millimeter measurement of motion changes 
would not be suitable because of the variations in size and shape of 
vertebrae and inter spaces in a group of subjects. The percentage of the 
total range of motion in the cervical group studied contributed by each 
segment was determined, therefore, and an average struck from these 
figures for the group of fwenty subjects. 
The percentage contribution to total motion was calculated as fol-
lows: Measurements were made of the length of each E. LV. line for 
each segment, anteriorly and posteriorly, in all three films-neutral, flexion, 
and extension positions-and recorded in millimeters. The differences 
in the length of each E.I.V. among the three positions were determined 
and recorded for each subject. In determining the percentage contribution 
of each segment to the group motion, the combined anterior and posterior 
E.I.V. differences were used. Figures representing percentage of seg-
mental contribution to total motion are shown in tables 1, 2, and 3. 
The more marked departures from the average in the movements 
from the neutral position to flexion, and from the neutral position to 
extension compared with the ranges in the entire movement from flexion 
to extension suggest that a given segment might normally contribute more 
to flexion than to extension, and the average for the combined movement 
in the same segment still adhere closely to the average standard. This 
is clear from tables 2 and 3. In subject number 1 (table 2), the per-
centages for the neutral to flexion movement are seen to be 26, 25, 18, 8, 
and 23. The low 8 per cent value at the fifth interspace ( 14 below the 
mean) is compensated by a 33 per cent contribution in the neutral to 
extension movement (table 3). This is 7 above the mean. A similar 
condition is seen at the fourth interspace in subject number 4 in tables 2 
and 3. A survey of the tables will show that these variations are rather 
generally distributed among all subjects and among all segments; which 
suggests that they are probably part of normal mechanics. It is also 
suggested that the complete movement from flexion to extension might 
constitute a more useful frame of reference representing segmen al motion 
than either of its component movements alone. The percentage contribu-
tions of 14, 22, 24, 24, and 16 shown in table 1, therefore, will be used 
for the purpose of this analysis to represent the flexion-extension motion 
range characteristics of this group of subjects. 
·; 
Seg. 1 
----
2 15 
3 20 
4 20 
5 24 
6 21 
---
TABLE 1 
Percentage of total motion for five cervical segments contributed by each segment of twenty normal subjects 
in the movement from flexion to extension. 
Subjects 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Average 
------------------------
--
--------
12 10 15 20 12 20 18 10 9 13 16 17 14 11 17 15 10 15 14 14 
23 23 17 16 24 20 18 23 20 18 22 21 28 19 24 20 24 24 28 22 
22 28 22 21 16 22 17 23 28 24 24 26 23 29 24 30 27 22 31 24 
27 24 24 28 22 25 25 24 23 25 28 24 21 26 20 19 28 23 21 24 
16 15 Z2 15 26 13 22 20 20 20 10 12 14 15 15 16 11 16 6 16 
. 
Range 
9- 20 
16 - 28 
16 - 31 
19 - 28 
6-26 
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Seg. 1 
--- -
2 26 
3 25 
4 18 
5 8 
6 23 
Seg. 1 
---
2 9 
3 18 
4 21 
5 33 
6 19 
TABLE 2 
Percentage of total motion for five cervical segments contributed by each segment of twenty normal subjects 
in the movement from neutral position t0 flexion. 
Subjects 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Average 
------------------------------------
18 13 17 10 16 17 18 7 10 14 14 23 15 7 14 18 3 11 3 13 
31 24 16 17 21 24 19 20 " 26 20 24 21 30 20 25 25 15 31 19 23 
15 30 7 21 21 23 11 15 30 20 23 19 24 29 16 29 30 15 27 21 
23 21 23 33 18 20 23 25 20 25 25 24 17 25 22 15 33 24 28 23 
13 12 37 19 24 16 29 33 14 21 14 13 14 19 23 13 19 19 23 20 
TABLE 3 
Percentage of total motion for five cervical segments contributed by each segment of twenty normal subjects 
in the movement from neutral position to extension. 
Subjects 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Average 
----------------------------------
7 5 14 47 1 26 18 13 7 12 20 8 11 21 18 10 12 20 22 15 
16 21 18 11 26 10 18 27 4 16 13 22 23 17 21 9 27 15 30 18 
27 25 40 23 21 21 29 30 22 29 28 37 19 28 32 31 27 30 28 28 
32 30 24 15 28 35 28 22 31 24 35 23 21 26 25 28 27 22 10 26 
18 19 4 4 24 8 7 8 36 19 4 10 16 8 4 22 7 13 10 13 
Range 
3- 26 
15 - 31 
7- 30 
8- 33 
12 - 37 
Range 
1-47 
4-30 
19 -40 
10 - 35 
4-36 
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The findings presented in this section suggest a usefulness when 
applied to the diagnosis of abnormal vertebral mechanics in this region 
so far as motion is concerned. It has been generally accepted that the 
vertebral lesion is accompanied by some degree of abnormal articular 
motion. It begins to be suggested that testing for motion by palpation, 
in this particular area at least, might have to be revised in the light of 
observed characteristics. These studies show that the segments measured 
exhibited a rather constant relationship to each other and to the group 
of segments so far as motion was concerned. .In these subjects the second 
interspace and the sixth interspace contributed least to the group motion, 
while the third, fourth, and fifth contributed most. 
Analysis of s01ne factors capable of influencing range of motion 
Individuals vary in their ranges of vertebral motion. It was con-
sidered important to study these variations with a view to finding if any 
of the measurable factors being used in this study could account for them. 
Complete flexion extension motion was used for this analysis as the 
previous study showed this movement to be the most consistent expression 
of segmental motion useful for comparative purposes. 
The flexion to extension motion totals were found to vary from 100.5 
millimeters to 184.0 millimeters. Some of the factors which suggested 
themselves as being capable of accounting for the differences were the 
thickness of the intervertebral fibrocartilages, the anteroposterior depth 
of the body surfaces, and the length of the column. These are all measur-
able. It is recognized that there are probably other factors which might 
account for variations in motion that do not lend themselves so readily 
to exact measurement. 
Measurements were made of the three factors mentioned above and 
tabulated in relation to motion range. Table 4 shows this comparison. 
The first column contains the actual ranges of motion for the five seg-
ments, expressed as millimeters of E.I.y. differences produced by move-
ment from flexion to extension. The twenty subjects are arranged in 
quartiles of five subjects each. The highest quartile contains the subjects 
with the greatest ranges of motion, and the lowest with the least. The 
second column contains the totals of all interbody spacings, in terms of 
E.I.V. measurements, for the corresponding subject in the first column. 
These figures represent the sums of anterior and posterior E.I.V. lengths 
in the neutral position and, therefore, do not represent actual disc thick-
ness. It can be seen that no significant correlation exists between total 
range of motion and disc spacing, for the actual range among the me_ans 
for all the quartiles is 4 millimeters. 
The second factor compared to motion range was anteroposterior 
body diameter. The figures in the third column of table 4 show this body 
diameter for each segment. These figures represent the average length 
of the lower surface diameters (L.S.D.) for all five segments in each 
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TABLE 4 
Comparison of some factors which could have influenced the group range of motion. 
Column 1 shows range of group motion in each subject expressed as total A and P 
measurement of E. I. V. lengths measured in millimeters. Quartiles arranged according 
to these values. Column 2 shows interbody spacing in millimeters of extended measure-
ment. Column 3 shows AP body diameters measured at the lower surface diameter of 
each segment (see figure 2). Column 4 shows the total column length measured between 
intersegmental centers of adjacent segments. The 20 subjects are arranged in quartiles 
of 5 subjects each with those having greatest ranges of motion in the upper quartile. 
Total Range Total Average Total 
of Motion Disc Spacing of AP Column Length 
Flexion- in Body Diameter of Group in 
Extension Neutral Position (L. S. D.) Neutral Position 
mm. mm. av. mm. av. mm. av. 
184.0 42.0 15.0 75.5 
155.5 37.5 15.1 76.0 
154.5 41.5 39 16.9 15 82.0 76 
153.5 35.5 13.4 67.5 
152.5 38.5 14.9 80.0 
145.5 40.0 16.2 82.5 
142.5 37.5 16.1 78.0 
136.5 42.0 41 16.3 17 78.0 81 
126.5 44.0 19.4 81.0 
124.5 40.5 15.1 86.0 
122.5 47.5 18.2 85.5 
121.5 38.0 15.9 71.0 
119.0 50.5 42 19.1 17 86.5 79 
119.0 37.5 16.2 80.0 
119.0 38.0 14.9 72.0 
114.5 39.5 16.8 74.0 
112.5 44.0 16.5 74.0 
107.5 42.5 43 17.2 17 78.5 78 
105.5 45.5 16.8 81.5 
100.5 42.5 17.1 82.0 
subject. The L.S.D. was selected because the lower of two adjacent 
vertebrae was arbitrarily taken as the fixed point and the L.S.D. of the 
segment above considered the variable factor. The average for each sub-
ject is related to column one; and, as in the case of the disc space factor, 
no significant correlation is evident. 
The third structural factor to be compared with motion range was 
that of total column length (five cervical segments). The film of the 
neutral position was used, and the distances between succes ive I.C. 
points measured, beginning with that between the second and third cervical 
vertebrae and ending with that between the sixth and seventh. No signifi-
cant relationship between column length and motion range is evident. 
It must not be assumed that these are all the structural factors which 
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can influence flexion-extension movement. The factors used in this 
analysis are some which could exert an influence and which are measur-
able by this system. These findings suggest, however, that the evaluation 
of flexion-extension motion cannot be predicated on the basis of morphol-
ogy alone but probably must also be based on factors associated with 
dynamics, such as muscle tone and the condition of all periarticular tissues. 
ANALYSIS OF CERVICAL VERTEBRAL FLEXION-EXTENSION MOTION 
CHARACTERISTICS IN 60 CLINICAL SUBJECTS, AND A 
CoMPARISON WITH 33 NoN-CLINICAL SuBJECTs 
The object of the work to be reported in this section was to observe 
patients radiographically before and during the time uncontrolled man-
ipulation was being carried out. All procedures in this group of clinical 
subjects were the same as those used in the previously reported college 
student group. 
The basis for selection of patients from the general clinics of the 
College was some degree of motion limitation in the second to sixth 
cervical segments inclusive, determined by palpation. After the history 
on each case was completed, spinal examination was made by a member 
of the Technique Staff (graduate) who had no knowledge of the nature 
of the case. The results of spinal examination were recorded on the 
osteogram, upon which was also recorded subsequent recheck examina-
tions. Restricted motion and fixation in vertebral segments were recorded 
by the use of the symbols R and F respectively. Six different examiners 
participated in the group of sixty subjects. 
The method of selecting cases for this series was carried out as 
follows: A member of the research department surveyed all new cases 
entering the clinic after spinal examination had been made and the find-
ings recorded. Cases showing restricted motion or fixation of any of the 
second to sixth cervical vertebrae were tentatively selected. If, in addi-
tion, the case fell within one of the' three age groups studied, and if there 
was no contraindication to active manipulation or mobilization, the case 
was accepted. A subject selected was immediately scheduled for x-ray 
examination, and all treatment was ordered postponed until radiographic 
study was completed. The first set of films obtained, therefore, repre-
sented the mechanical and structural status of the cervical column at the 
time of admission before any type of manipulation had been used. Sub-
sequent films showed changes induced by factors operating during 
treatment. 
The sixty cases to be reported were divided into three age groups. 
Group I included patients between 17 and 33 years with an average age 
of 24, and included 5 males and 15 females. Group II consisted of 
patients between 34 and 54 years with an average age of 48, and included 
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5 males and 15 females. Group III patients were from 55 to 70 years 
with an average age of 60, and included 7 males and 13 females. 
Upon selection for this series, patients were sent for x-ray study and 
then returned to the general clinic where treatment was carried out in the 
same manner as in other cases, no special forms of manipulative tech-
niques being used for the purposes of this _ study. Manipulation was 
carried out by students under direction of the Technique Staff, the 
particular type being determined by the peculiar needs in each case. In 
no instance was the spinal examination upon which this study rests made 
by students. Cases were referred back to the technique examiners at 
stated times for re-examination, and recheck radiographic studies were 
made to coincide in time with the spinal re-examinations by palpation. 
The radiographic factors used were the same as those reported above. 
The controls numbered 33. Twenty were students of the College 
between the ages of 18 and 34 years with an average age of 22, including 
17 males and 3 females; 10 were "normal" (non-clinical) individuals 
between the ages of 36 and 50 with an average age of 43, including 5 
males and 5 females; and 3 between 54 and 58 with an average age of 
56, all being females. The controls were selected on the basis of being 
free from disease as determined by ordinary examinati-on, and on the basis 
of "normal" findings in the cervical column determined by palpation. This 
being a preliminary survey which will direct future studies, the frames 
of reference contributed by these groups will be referred to as "normal" 
for convenience, with full recognition of the weakness of this term. 
Results 
Seg11tental percentage contribution to total motion 
It was pointed out in the previous section that when the total range 
of motion for the group of five segments was considered to be one hun-
dred per cent, all of the second to sixth cervical segments did not con-
tribute an equal percentage to that group motion. The subjects in this 
series were analyzed to determine to what extent the percentage contribu-
tion to combined motion varied in subjects (patients) from that in con-
trois. It would seem reasonable to assume that subjects selected on the 
basis of restricted motion determined by palpation in one or more of the 
segments under study might present findings differing from those in a 
control group within the same age range. The results of such compari-
son are shown in table 5. It is apparent from the averages that no 
significant alteration in the general distribution of motion contribution 
occurred in the subjects. The ranges of percentage contribution from 
which these averages were computed show that in the subjects there was 
a slightly wider distribution of values. 
The two constituent movements were next studied to determine pos-
sible variations in behavior between movement from the neutral position 
to flexion compared to movement from the neut_ral position to extension. 
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TABLE 5 
Comparison of the segmental percentage contributior.s to total range of flexion-extension 
motion between sixty patients (subjects) and thirty-three controls. Both averages and 
ranges for eoch segment from the second to sixth are shown. The S values are based 
upon original findings before treatment. (Combined age groups.) 
From Complete Flexion to Complete Extension 
Seg. Subjects (S) Controls (C) 
average range average range 
2 19 2 - 40 15 5 - 31 
3 27 3 - 45 25 16 - 31 
4 26 3 - 43 27 16 - 35 
5 18 2 - 34 21 12 - 30 
6 10 1 - 28 12 4 - 26 
Table 6 shows the results. The values for each of the segments in both 
types of movement are seen to be essentially the same in the subjects 
as in the controls. Comparison with the average columns of table 5 shows 
that throughout the ranges of motion thus far studied, the group averages 
for the subjects adhere closely to the percentage contribution values of 
15, 25, 27, 21, and 12, which are the values for the "normal" group in the 
complete movement of flexion to extension. Table 6 also shows the 
extremes involved. With the single exception of the sixth segment in 
the neutral to flexion movement, wider ranges existed among the subjects 
than among the controls. The lowest range values for the entire group 
of segments in any movement were found in the neutral to extension 
movement. Of particular interest in table 6 is the appearance of three 
zero values. Two subjects showed zero values at the second, and one 
each at the third and fourth segments. These zero values mean that these 
segments made no contribution to the movement from the neutral position 
to extension-they were "fixed," so far as the method used could detect 
motion. However, these same segments made some contribution to total 
motion when carried from neutral to flexion. Of the two second segments 
making no. contribution to neutral to extension movement, one contributed 
27 per cent and the other 17 per cent to neutral to flexion movement-
both above the "normal" values for the segment. The third segment, 
giving a zero value in extension, contributed 30 per cent and the fourth 
segment 31 per cent to neutral to flexion movement. These are both above 
the "normal" for the segment. These findings would seem to indicate 
that it is possible to have motion restricted or even absent in one direction 
(in this instance neutral to extension) and normally present in the op-
posite direction. They also raise a question concerning the use of the 
term "fixation" applied to certain motion changes present in the spinal 
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TABLE 6 
Comparison of the mean and extreme segmental percentage contributions to total 
motion in the movements from neutral to flexion and from neutral to extension between 
sixty subjects and thirty-three controls. Figures of the subjects are based upon values 
determined before manipulation. 
Neutral to Flexion Neutral to Extension 
Segs. Subjects Controls Subjects Controls 
mean extreme mean extreme mean extreme mean extreme 
2 19 3-42 16 3-34 16 0-62 13 1-47 
3 27 2-50 27 15---43 24 0-47 19 2-39 
4 25 5-42 24 7-35 26 0-46 30 16-51 
5 17 1-34 20 8-40 20 1-53 25 3---47 
6 12 1-34 13 1-37 14 1-82 13 1-36 
lesion. More detailed analysis of this point will be made in a later paper. 
The figures shown in tables 5 and 6 are for combined age groups. 
That there is no significant difference among the age groups in respect 
to the matters presented is indicated in table 7. 
Not all of the patients could be fallowed through to the point of 
having recheck radiographic studies done on them, but a certain number 
were rechecked once and some received a second recheck. The time of 
the recheck x-ray was made to correspond to the recheck by palpation. 
The following will deal with changes observed by x-ray after manipula-
tion had been carried out. 
The type of manipulation used was not controlled by the Research 
Department, since it was the purpose of this study only to survey cases 
as treated in the clinic by undergraduates under direction of the Technique 
Department. General and specific manipulative techniques dictated by 
individual needs were employed. The lengths of time these patients were 
under treatment ranged from four to sixteen weeks. 
The number of subjects upon which recheck roentgen studies were 
made after manipulation is 24; therefore, analysis of segmental per-
centage contribution was based upon 120 segments, 5 in each subject. 
The 24 subjects were divided among the three age groups as follows: 
8 in group I ( 40 segments) ; 10 in group II (50 segments) ; and 6 in 
group III ( 30 segments). 
Table 8 shows the changes which were found to occur in the 120 
segments studied following manipulation. It will be observed from the 
table that of the 120 segments examined before any manipulative proce-
dures were started, 7 5, or 63 per cent, evidenced segmental percentage 
contributions which were within the ranges established by the controls 
TABLE 7 
Comparison of segmental percentage contributions to total flexion-extension motion between three age groups based on twenty patients (S) 
in each age group. The controls (C) are distributed twenty in group I (18-34), ten in group II (35-54) and three in group III (over 55)· 
Both averages and ranges are shown for comparison with tables 5 and 6. 
N eutra 1 to Flexion Neutral to Extension Flexion to Extension 
Age Seg. s c s c s c 
av. range av. range av. range av. range av. range av. range 
2 20 11- 34 13 3- 26 16 2-42 15 1 - 47 19 12 - 29 14 9-20 
Group I 3 29 12 - 47 23 15 - 31 26 10 - 47 18 4-30 29 16 - 45 22 16 - 28 
(18-34) 4 26 12 - 36 21 7-30 22 6-41 28 19 - 40 26 16 - 36 24 16 - 31 
5 18 4-31 23 8- 33 24 4-53 26 10 - 35 20 2-34 24 19 - 28 
6 7 1- 24 20 12 - 37 12 1 - 32 13 4-36 6 2 - 16 16 6-26 
2 17 3- 41 16 4-34 18 1- 62 19 4-40 18 2- 32 18 5 - 31 
Group 3 25 9-38 29 19 - 43 25 3-43 23 2-39 27 13- 38 27 21 - 31 
II 4 24 12 - 42 23 9-35 29 7- 45 30 16 - 51 27 18 - 34 26 16 - 35 
(35-54) 5 18 1-34 20 9-40 16 1- so 19 3-47 17 4-30 19 12 - 30 
6 16 2-34 12 6- 22 12 1- 46 9 1 - 16 11 2- 28 10 4- 16 
2 20 5-42 18 12 - 27 14 0-27 5 3- 6 19 6-40 14 10 - 19 
Group 3 27 2- so 30 25 - 34 21 0-44 16 13 - 19 26 3-45 25 21 - 29 
III 4 25 5-38 27 23 - 31 26 0-46 32 28 - 36 26 3-43 30 27 - 32 
(over 55) 5 16 2 - 31 17 16 - 19 21 9-42 30 15 - 42 17 3-34 4 18 - 25 
6 12 1- 25 8 1 - 13 18 1 - 82 17 6 .~ 31 12 1 - 25 10 8- 14 
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TABLE 8 
Number of segments in 24 subjects falling within, above, or below the normal range of 
segmental percentage contribution to total motion determined by X-ray before and after 
manipulation. Figures based upon 120 segments and cover the three combined age 
groups (18-34), (35-54), (over 55). 
Within Below Above 
Nor mal Range Nor mal Range Normal Range 
no. per cent no. per cent no. per cent 
Before manipulation ........ 75 63 23 19 22 18 
After manipulation ......... 81 67 25 21 14 12 
for the same age group. After manipulation, 81, or 67 per cent of the 
120 segments, fell within "normal" limits. This does not mean that 4 
per cent more segments were added to the original 75, for it will be shown 
later that certain segments which contributed "normal" values to total 
motion before manipulation, gave values above or below the "normal" 
ranges following manipulation. 
No significant changes in percentage contributions were found fol-
lowing manipulation. 
It has been stated that certain segments which were found to be 
within the control ranges of contribution to total motion at original exam-
ination were found to be outside the "normal" limits foliowing manipula-
tion, while others which were not "normal" at the start shifted toward 
normal values or deviated still farther from "normal" following manipula-
tion. Table 9 indicates these various shifts. If the composite figures for 
the combined three age groups shown are referred to, it will be seen that 
of the 75 segments shown to be within normal ranges of percentage con-
tribution to total motion before treatment was instituted, 63, or 84 per 
cent, remained within these normal limits following treatment. It will 
also be seen that 4 segments, or 5 per cent, increased to valpes above 
normal and that 8, or 11 per cent, decreased below normal. Of the 
segments that contributed normally to total motion before treatment, there-
fore, 84 per cent remained normal after treatment while 16 per cent were 
outside the control ranges. · This suggests certain possibilities, among 
them that the manipulative procedures directly changed the range of 
motion from normal to abnormal in the segments making up the 16 per 
cent, or that the changes were alterations occurring throughout the column 
in which the individual segment shifts were part of a compensatory read-
justment of contribution values which, while apparently "abnormal" in 
themselves, might have contributed to a better state of mechanics in the 
group of segments. 
It will be seen that 23, or 19 per cent, of the segments studied gave 
j 
TABLE 9 
Changes in segmental percentage contribution to group flexion to extension motion which occurred following manipulation in 24 re-checked 
subjects based upon X-ray examination (120 segments). Original values based upon examinations before manipulation. Normal (N) refers 
to the normal ranges of flexion to extension movement determined in the three age groups and as shown in table 7. 
I 
Original within Normal Range Original below Normal Range Original above Normal Range 
After Manipulation After Manipulation After Manipulation 
Age 
Increased Increased Decreased Decreased Decreased Increased 
No. Remained Increased Decreased No. to still further No. to still further 
Seg. within N above N below N Seg. within N below N below N Seg. within N above N above N 
per per per per per per per per per 
no. cent no. cent no. . cent no. cent no. cent no. cent no. cent no. cent no. cent 
Group I (18-34) ..... 26 24 92 0 0 2 8 6 2 33 1 17 3 50 8 7 88 0 0 1 12 
Group II (35-54) .... 41 36 88 2 5 3 7 5 2 40 1 20 2 40 4 2 50 1 25 1 25 
Group III (over 55) . 8 3 37 2 26 3 37 12 3 25 5 42 4 33 10 3 30 6 60 1 10 
------------
--------------------------
-------------
Composite* ........ 75 63 84 4 5 8 11 23 7 30 7 30 9 40 22 12 54 7 32 3 14 
Groups I, II, and III 
I 
*The figures for the combined three age groups not based upon average normal standards of the three combined groups of controls, but the subjects in each group 
were compared to the normal standard for that age group only. 
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original contribution values below the normal. The importance of these 
figures in relation to a group of cases selected on the basis of restricted 
motion findings already has been commented upon. Of these 23 segments 
found below normal, 7, or 30 per cent, increased following treatment to 
values within normal, while 9, or 40 per cent, decreased still farther below 
normal. This last figure would suggest the need for re-examination of 
our ideas concerning the segmental effects of manipulation, for here we 
have a group of segments showing contribution values to total motion 
definitely below the normal range in which 40 per cent of them contribute 
a still less percentage following manipulative procedures. It has been 
assumed that manipulation will produce increase in range in segments 
restricted in motion. Definite conclusion on this point, however, must be 
reserved until controlled manipulation is used.* Seven segments, or 30 
per cent, evidenced increases which were insufficient, however, to place 
them within normal ranges. Thus, of the segments found to contribute 
subnormal values at first examination, 30 per cent were increased to 
normal limits following treatment, while 70 per cent remained below normal 
levels of contribution to total group motion. It must also be pointed out, 
however, that while only 30 per cent entered the normal range, another 30 
per cent made some increase toward it, so that the shift was toward the 
normal in 60 per cent and away from it in 40 per cent. 
Twenty-two segments ( 18 per cent of the total) were found to have 
original contribution values above normal. Of this number, 12, or 54 
per cent, were decreased to within normal limits following manipulation. 
This suggests that the effects of manipulation, so far as segmental flexionr 
extension motion is concerned, cannot be evaluated alone upon the basis 
of increasing segmental motion, for there i.s evidence that in over half the 
segments originally above normal, a decrease to normal limits was brought 
about by manipulation. The exact meaning of this finding, however, rests 
upon whether or not this decrease in any given subject was part of a 
general shift toward better distribution of segmental contribution. Of the 
segments found to contribute greater than normal values to total motion 
at first examination, therefore, 54 per cent decreased to within normal 
ranges while 46 per cent remained above normal. If viewed from the 
standpoint or direction of shift, 86 per cent shifted toward the normal 
and 14 per cent away from it. 
Comparison of the trends following treatment in the segments 
originally below normal with those originally above indicates that of those 
below, 60 per cent shifted toward the normal values while of those above, 
86 per cent decreased toward the normal. Thus, 26 per cent more showed 
a relative decrease in range of motion than showed any increase following 
manipulative procedures. It may well be that the decrease in motion 
following manipulation was part of a picture of compensation and read-
* Ed. Note. Material from recent studies on this point is now being prepared 
for publication in this journal. 
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justment in which the sum total of changes established better mechanical 
balance not only in the restricted group of segments here under study, but 
possibly throughout greater areas of the vertebral structure. 
If a comparison of the three age groups in table 9 is made, it will 
be observed that the most striking difference among them is the fact that 
in group III (over 55 years), only 37 per cent of segments originally 
within normal limits remained there after treatment and that the shift 
was in both directions, 26 per cent going above normal and 37 per cent 
below. 
The previous analysis was based upon the total of 120 segments, 
but did not show individual segmental variations. Analysis was made of 
each of the five studied segments following manipulation. The findings 
from this analysis are presented in table 10. Table 10 shows the changes 
that occurred at each of the five segments in the 24 rechecked subjects 
following manipulation, without regard for age group. Of particular 
interest is the fact that no second segment in any of the 24 subjects on 
which recheck studies were made showed an original motion value below 
normal despite the fact that the cases were selected for this series on the 
basis of restricted motion determined by palpation. It is also of interest 
that of the 24 subjects none of which showed values at the second seg-
ment below normal, 16 were charted as restricted according to palpation 
examination. This ·means that while palpation determined restricted 
motion in 67 per cent of the second segments rechecked, none was found 
by roentgen examination to be restricted. 
In table 11 is shown a comparison of the three age groups concern-
ing the same data contained in table 10. It will be seen that the segments 
in age group III which showed original normal values evidenced a greater 
tendency to depart from the normal ranges following treatment than those 
in age groups I and II. In all other respects, the three age groups behaved 
in general as indicated by the composite findings shown in table 10. 
While in certain instances manipulation would seem to be doing the 
very thing which we have believed it should not do, and while in the in-
stance of certain segments alone it would seem to produce abnormal 
ranges of motion where normal ones originally existed, still, these apparent 
inconsistencies may well rest upon an erroneous original premise concern-
ing the results of manipulation. It wotild appear that the effects of 
manipulation might have to be interpreted in the light of what it con-
tributes toward establishing better mechanics involving many, or possibly 
all segments of the vertebral structure, rather than on the alterations 
in motion it produces in any one segment. With these ideas in mind, 
comparison was made of motion in each subject as a unit before and after 
manipulation with the view of attempting to visualize what the shift in 
percentage segmental contribution at any one segment might mean in 
relation to happenings in the other segments of the same subject. Very 
little more can be done at this juncture than to present these findings, 
TABLE .10 
Changes in segmental percentage contribution to group flexion to extension motion resulting from manipulation in each ot the five segments 
studied by X-ray in 24 subjects. Original values based upon examination before manipulation. Normal (N) refers to normal ranges of 
flexion to extension movement determined in the three age groups and as shown in table 7. The three age groups are combined in this 
table which, therefore, represents a detailed segmental analysis of values shown under composite group on the last line of table 9. 
Original within Normal Range Original below Nor mal Range Original above Normal Range 
Increased Decreased 
Per Remained Increased Decreased Per Increased but Decreased Per Decreased but Increased 
No. cent within N above N below N No. cent toN remained further No. cent toN remained further 
Seg. below N below N above N above N 
per per per per per per per per per 
no. cent no. cent no. cem no. cent no. cent no. cent no. cent no. cent no. cent 
2 19 79 16 84 1 5 2 11 0 0 0 0 0 0 0 0 5 21 4 80 1 20 0 0 
3 12 50 10 83 0 0 2 17 1 4 1 100 0 0 0 0 11 46 3 27 5 46 3 27 
4 19 79 16 84 3 16 0 0 2 8 1 50 1 50 0 0 3 13 2 67 1 33 0 0 
5 11 46 10 91 0 0 1 9 11 46 4 36 2 18 5 46 2 8 2 100 0 0 0 0 
6 14 58 11 79 0 0 3 21 9 38 1 12 4 44 4 44 1 4 1 100 0 0 0 0 
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TABLE 11 
Changt>s in segmental percentage contribution to group flexion to extension motion resulting from manipulation in each of the five segments 
studied by X-ray in 24 subjects arranged according to age: Group I under 35, Group II, 35-55 and Group Ill, over 55 years. Original values 
based upon examination before manipulation. Normal (N) refers to normal ranges of flexion to extension movement determined in the 
three age groups as shown in table 7. 
Original within Normal R ange Original below Nor mal Range Original above Normal Range 
Increased 
Age Per Remained Increased Decreased Per Increased but Decreased Per Decreased Decreased Increased 
Group Seg. No. cent within N a bove N below N No. cent toN remained further No. cent toN but still further 
below N below N above N above N 
----------
per per per per per per per per per 
no. cent no. cent no. cent no. cent no. cent no. cent no. cent no. cent no. cent 
2 7 88 7 100 0 0 0 0 0 0 0 0 0 0 0 0 1 12 1 100 0 0 0 0 
3 5 63 5 100 0 0 0 0 0 0 0 0 0 0 0 0 3 37 2 67 0 0 1 33 
I 4 6 76 6 100 0 0 0 0 0 0 0 0 0 0 0 0 2 12 2 100 0 0 0 0 
5 4 50 3 75 0 0 1 25 2 25 1 50 0 0 1 50 2 25 2 100 0 0 0 0 
6 4 50 3 75 0 0 1 25 4 50 1 25 1 25 2 50 0 0 0 0 0 0 0 0 
------------------------------------------------
--
----
~ 2 9 90 8 89 1 11 0 0 0 0 0 0 0 0 0 0 1 9 1 100 0 0 0 0 
3 7 70 5 71 0 0 2 29 0 0 0 0 0 0 0 0 3 30 1 33 1 33 1 33 
II 4 10 100 9 90 1 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 6 60 6 100 0 0 0 0 4 40 2 50 0 0 2 50 0 0 0 0 0 0 0 0 
6 9 90 8 89 0 0 1 11 1 10 0 0 1 100 0 0 0 0 0 0 0 0 0 0 
------------------------------------------------------
2 3 50 1 33 0 0 2 67 0 0 0 0 0 0 0 0 3 50 2 67 1 33 0 0 
3 0 0 0 0 0 0 0 0 1 17 1 100 0 0 0 0 5 83 0 0 4 80 1 20 
III 4 3 50 1 33 2 67 0 0 2 33 1 50 1 50 0 0 1 17 0 0 1 100 0 0 
5 1 17 1 100 0 0 0 0 5 83 1 20 2 40 2 40 0 0 0 0 0 0 0 0 
6 1 17 0 0 0 0 1 100 4 66 0 0 2 50 2 50 1 17 1 100 0 0 0 0 
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. TABLE 12 
Comparison of the segmental percentage contributions to total flexion to extension movement in the five segments before (B) and after (A) 
treatment. Table includes 8 subjects in age group I, 10 subjects in age group II, and 6 subjects in age group III. The segmental ranges for 
the normal controls in each age group is shown for comparison. Subjects are identified by number. 
Subjects before (B) and after (A) Manipulation 
Ranges I 
Age of 
Group Seg. Controls 11 17 29 36 40 -12 45 54 
B A BIA B A B A B A B A B A B A 
2 9- 20 17 20 19 13 17 18 12 18 16 17 23 11 20 19 13 19 
3 16 - 28 . 26 22 16 23 26 24 29 30 28 24 35 26 34 27 23 22 
r -l 16 - 31 26 30 27 23 26 30 36 31 36 30 16 26 23 30 22 27 
5 19 - 28 29 27 24 25 24 18 21 19 17 24 23 20 16 12 34 28 
6 6- 26 2 1 14 16 7 10 2 2 3 5 3 17 7 12 8 4 
8 13 14 16 18 22 26 34 48 53 
--· 
2 5 - 31 17 30 31 28 15 16 27 11 12 18 18 10 31 32 7 17 19 16 32 26 
3 21 - 31 38 29 37 38 29 30 24 27 38 35 28 31 21 13 27 25 21 19 28 26 
II 4 16 - 35 31 35 19 27 18 26 23 36 32 32 24 29 25 31 29 29 32 22 30 31 
5 12 - 30 4 1 9 3 26 22 11 14 16 13 18 18 12 12 23 17 16 29 5 16 
6 4- 16 10 5 -1 4 12 6 15 12 2 2 12 12 11 12 14 12 12 14 5 1 
59 -13 2-l 23 9 6 
2 10 - 19 12 19 22 13 21 20 21 15 10 9 13 6 
3 21 - 29 17 23 35 35 -±1 37 45 37 32 30 30 37 
111 -l 27 - 32 31 3-l 26 26 30 32 22 27 28 -:16 43 39 
5 18 - 25 25 23 12 22 2 10 10 17 16 12 13 11 
6 8- 1+ 15 1 5 -± 6 1 2 + 14 3 1 7 
------ ----
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VERTEBRAL MECHANICS 105 
shown in table 12, for any conclusion concerning the exact meaning of 
the various changes indicated must await further studies of other areas 
of the spine. The changes represented in these five segments may very 
well be, in part at least, adaptations for alterations in segmental mechanics 
taking place elsewhere in the vertebral column. 
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INFLUENZAL PNEUMONITIS: AUTOPSY REPORT 
OF A CASE* 
OTTERBEIN DRESSLER 
Professoy of Pathology in the College and Special Deputy Coroner, 
City of Philadelphia 
During the course of the last few months there has been consider-
able concern in and around Philadelphia because of the prevalence of 
inflammatory disease of the respiratory tract. Some of these cases turn 
out to be frank pneumonias with consolidation, but a large percentage of 
them run a somewhat atypical course leading to a great deal of speculation 
as to the nature of the infection. Among other things it has been sus-
pected that influenza similar to the variety prevalent during the last great 
war might be important in the present outbreak. The following case is 
not singular but is representative of a number that we have seen and 
examined recently. It is our impression that this represents frank influ-
enza and is, indeed, quite similar to or the same as the influenza common 
during the last war. 
A-43-3436 
Died: 12-20-43, 11 :55 a.m. 
Autopsy: 12-20-43, 2 :00 p.m. 
Cl,inical Data 
"The deceased became ill at his home and was carried to the hospital 
by his common law wife, where he was pronounced dead on arrival." 
External Exa111i11ation 
The body was that of a well developed male negro, said to be thirty-
six years old. The body length was 69 inches and the weight was esti-
mated as approximately one hundred seventy-five pounds. Frontal bald-
ness was noted, but otherwise the head was well covered with kinky black 
hair. The pupils were equal in size. A considerable quantity of edematous 
fluid exuded from the mouth. The teeth were in fair condition respecting 
hygiene. There were no evidences of trauma about the body and no 
suggestions of caustic poisoning. There was a strong aromatic odor 
about the body. Phimosis was extreme and there '"'as some watery urethral 
discharge. 
*Case reported through the courtesy of Dr. Benjamin Gouley, Chief Coroner's 
Physician, City of Philadelphia. 
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Jnter11al Examination 
The pericardia! sac contained less than 25 cc. of amber colored fluid. 
The heart measured 14 x 10.5 x 5 em. The greatest diameter of the 
thorax at the upper level of the diaphragm was 21 em. with a cardio-
thoracic ratio of 14/21. The heart was unusually soft, flattened out upon 
the table, tore easily, and in all respects had the characters of advanced 
myomalacia with great dilation of all the chambers. There were no 
valvular lesions and no coronary sclerosis. There were no congenital 
defects demonstrated. There were no suggestions of syphilitic aortitis. 
One would judge that the advanced myomalacia had developed upon a 
toxic basis. 
Twenty-five cubic centimeters of turbid fluid was found in each pleural 
cavity. The lungs were intensely congested with scattered early patchy 
consolidation. The cut surfaces of the lungs were bright, shiny, and. 
wet. Enormous quantities of fluid could be squeezed from the lungs, 
suggesting an excessive pulmonary edema. Seropurulent debris exuded 
from the bronchial tree. Intense inflammatory disease was demonstrated 
throughout the bronchial tree. 
Direct smears from the exudate in the bronchial tree presented many 
pus cells and abundant mucus and debris, many epithelial cells, staphylo-
cocci, occasional short chain streptococci, many diplococci, and a bacillus 
which subsequently was identified as Pfeiffer's bacillus. Cultures of the 
exudate revealed the presence of staphylococci and streptococci in a partly 
hemolytic flora. 
l\1icroscopic examinations of the lungs presented intense edema 
throughout all portions examined. The alveolar spaces were crowded with 
erythrocytes, with blood pigment scattered about. Few leucocytes were 
demonstrated in the alveolar spaces and the phagocytes, for the most part, 
were monocytes and small cells of the nature of lymphocytes. Here and 
there the edematous fluid had begun to congeal to produce the homogeneous 
masses about the alveoli referred to as hyalinization. 
An intense inflammatory reaction coHlcl be demonstrated in the 
respiratory tree clown into the terminal bronchioles, and many of these 
bronchioles were crowded with exfoliated cells fronl. the lining membrane. 
It has been argued that the exfoliation of cells from the bronchial tree 
allows quite some lowered resistance through which secondary invaders 
may attack the body. 
The esophagus presented no noteworthy lesions. 
The stomach contained some watery fluid and large masses of petrola-
tum, evidently in the form of one of the commonly used aromatic proprie-
tary preparations. The intestines were completely collapsed except for 
some distention of the cecum and sigmoid by gas. 
There were no noteworthy lesions of the liver. The gallbladder 
emptied readily upon pressure. 
The pancreas presented no noteworthy lesions. 
108 OTTERBEIN DRESSLER 
The spleen measured 15 x 8 x 3 em. and presented the evidences 
of follicular hyperplasia such as would be compatible with an . acute 
infection. 
There were no noteworthy lesions of the urinary bladder. The pros-
tate gland was comparatively small. The kidneys measured respectively, 
right and left, 12 x 7 x 3 em. and 12 x 7 x 4 em. These kidneys were 
intensely congested and presented the wet cut surface suggesting paren-
chymatous degeneration. Microscopically they presented advanced cloudy 
swelling. 
There were no noteworthy lesions of the suprarenal glands. 
Smears prepared from the urethral discharge presented mucus and 
debris with a few staphylococci. 
Anato11tic Diagnosis: 
Dilation of the heart 
Advanced myomalacia 
Acute pneumonitis 
Phimosis 
Cause of Death 
Influenza! pneumonitis. 
Su111/,mary 
The autopsy protocol of acute, rapidly fatal respiratory inflammatory 
disease is presented. 
We believe this case corresponds in ali respects to the description 
of the epidemic influenza prevalent during the last war. 


